Introduction
The impact of air pollution on human health is the main driver toward implementing air quality regulations, yet the mechanisms linking increased air pollution in Southeast Asia with the impact on health is poorly understood. It has been recognized through epidemiological investigations, that particulate matter (PM) in the air contributes to the progression and exacerbation of respiratory diseases such as asthma, and leads to an increase in morbidity and mortality from respiratory and cardiac conditions [1] .
In the developing countries of Southeast Asia, PM pollution particularly in urban areas, is routinely above the daily average standard (daily average national ambient air quality standards for PM 10 and PM 2.5 are 100 μg/m 3 and 60 μg/m 3 , respectively) and the conditional pollutant for calculating the Air Quality Index for health, impacts assessments. This is important as PM has a significant correlation with adverse effects on human health, especially for PM with a diameter of less than 10 μm (PM 10 ) and less than 2.5 μm (PM 2.5 ). These PM are small enough to penetrate the thoracic region of the respiratory system to cause disease [2] . PM 2.5 has potentially the most significant adverse effects on health compared to other pollutants, and has become a new indicator for "major problem pollution" in the world during the [4] . This condition can cause the decline of lung function which in turn is an indicator used to determine chronic respiratory disorders [7] . WHO reported that there were 4.2 million deaths due to chronic respiratory disease [8] . [11] . The objective of this study was to assess the association between indoor PM 2.5 concentrations and lung function impairment in an adult population.
Materials and Methods
A cross-sectional study design was implemented that The participants' characteristics in the Pulo Gadung area were predominantly female (71%) and non-smokers (70%).
More than half of the participants (51%) had a malnutrition ( was not associated with lung function impairment ( Table 3) .
The environmental risk factors tested for an association with adult lung function impairment included house ventilation, use of mosquito coils, temperature and humidity. Adequate house ventilation and room humidity outside the ideal range of 40%-70% was associated with lung function impairment (p < 0.05).
The cOR was 3.4 for inadequate ventilation and 3.1 humidity outside the ideal range of 40% -70% (Table 4) .
Discussion
In 1983 Spengler and Sexton reported that indoor air pollution was dependent on outdoor air pollution and the activities of household occupants [12] . This study showed that indoor PM 2.5 concentration in the surroundings areas of Pulo Gadung was above the safe limits as specified by the Environmental Protection Agency 2006 [13] . The average indoor PM 2.5 concentration in this study was 9 times higher than the air quality standard, probably resulting from the industrial business area in East Jakarta. Another study found that an increase in air pollution by 1 μg/m 3 PM 2.5 in the outdoor environment, may increase indoor pollution by 0.58 μg/m 3 PM 2.5 [14] .
This study indicates that adults who are exposed to a higher than acceptable indoor PM 2.5 concentration, have a risk of lung function impairment. This result is consistent with a previous study that found a correlation between PM 2.5 concentration and impaired lung function [5] . In addition, another study reported that the PM 2.5 contained 8 types of metals, Iron (Fe), Zinc (Zn), Lead (Pb), Platinum (Pt), Cadmium (Cd), Chromium, and Nickel (Ni) [4] . Exposure of mice to high levels of PM 2.5 was shown to damage lung structure and function, especially in the alveoli.
Furthermore, this was in a dose-dependent manner with higher doses of PM 2.5 having a worsening effect than lower doses of PM 2.5 [9] .
When inhaled PM 2.5 reaches the alveoli, with particulate and oxygen metabolites interacting to produce reactive oxygen species which oxidize guanine to 8-oxoguanin resulting in oxidative stress in the body [4] . Oxidative stress occurs when the number of free radicals in the body exceeds the capacity to neutralize them, in turn causing inflammation in the lung and limiting lung expansion which decreases lung function [15] .
This study showed that gender, smoking status, and the daily duration of exposure were statistically significantly associated with the decline of adult lung function. Using cross sections of the upper respiratory tract Kim and Hu explained that females have a higher risk for deposition than males because their lungs are smaller. Peak expiratory flow is affected by lung volume, the elasticity of the lungs, lung strength, and coordination of respiratory muscles. In general, males produce higher alveolar pressure than females. Therefore, males can have a higher value of peak expiratory flow than females so that the inhaled air in males is greater [16] .
Indonesia has the third largest number of smokers in the world after China and India [17] . Basic Health Research 2007
reported that males consume more cigarettes than females [18] . Previous studies have found that males who smoked [21] .
House ventilation, mosquito coils, temperature, and humidity are environmental variables assessed during this study. The results showed that ventilation and humidity were statistically significantly related to adult lung function impairment. A previous study in Nunavut, Canada showed that reduced house ventilation can adversely influence respiratory tract disorder in children [22] . The function of ventilation is to exchange air from inside to outside. Increasing ventilation has been shown to reduce indoor pollutants [23] . A study performed in Nigeria showed that ventilation in the kitchen reduced pollutants
arising from cooking such as PM 2.5 aliphatic hydrocarbons, and polycyclic aromatic hydrocarbons [6] .
Humidity is the compounding variable in this study which directly influences the association between PM 2.5 and adult lung function impairment. A previous study has showed that the impact of air pollution will worsen human health if it is supported by high humidity [24] .
The limitation of this study was that it was not carried out in both an industrial and a non-industrial area. Therefore, it
was not possible to confirm that the risk of adult lung function impairment was due to the surrounding industrial area of Pulo Gadung.
Conclusion
The average concentration of PM 2.5 inside homes in Pulo
Gadung area was 9 times higher than air quality standard 
